CLINICAL and electrocortical observations (Caveness, 1969; and Caveness et al., 1973) have indicated significant differences in the development and propagation of focal seizure activity induced by penicillin injection into the face-hand area of the motor cortex of the Macaca mulatto at birth and at 24 months of age. From histoanatomical study of the cerebra of the newborn and 24-month-old monkeys, Yakovlev (1962) concluded that these differences correlate with the early maturation of cortico-subcortical-cortical connexions and the later elaboration of the intracortical connexions.
CLINICAL and electrocortical observations (Caveness, 1969; and Caveness et al., 1973) have indicated significant differences in the development and propagation of focal seizure activity induced by penicillin injection into the face-hand area of the motor cortex of the Macaca mulatto at birth and at 24 months of age. From histoanatomical study of the cerebra of the newborn and 24-month-old monkeys, Yakovlev (1962) concluded that these differences correlate with the early maturation of cortico-subcortical-cortical connexions and the later elaboration of the intracortical connexions.
This interpretation has been further supported by recent electrophysiological experiments of Caveness et al. (1973) which showed that when the subcortical connexions of the face-hand area of the motor cortex of the newborn monkey were interrupted by undercutting the cortex prior to the injection of penicillin, there was no or only minimal spread of seizure activity. In contrast, subpial circumsection of the intracortico-cortical connexions of the face-hand area of the motor cortex without cortical undercutting did not prevent the spread of the penicillin-induced seizure activity to either the ipsilateral or contralateral hemisphere.
The present study was undertaken to extend the earlier histoanatomical observations of Yakovlev and experimental studies of Caveness referred to, with special attention to the development of the dendritic arbours and postsynaptic spines of the individual neurons of the motor cortex in relation to age.
MATERIAL AND METHODS
The material consisted of the cerebra of 23 Macaca mulatto (11 newborn and 12 24-month-old animals).
The cerebra of 4 newborn and 3 24-month-old animals were fixed by perfusion with formalin, embedded whole in celloidin, and cut in serial sections at a thickness of 35 micra. Every tenth section was stained for myelin by the Loyez method and the adjacent section with Nissl stain for nerve cells and glial nuclei.
The changes in weights, volumes, fronto-occipital lengths, and maximum bitemporal widths of cerebra after formalin fixation and after dehydration in graded alcohols were recorded. Since most significant shrinkage due to processing occurred in all measurements during dehydration in graded alcohols, adjustment factors for shrinkage were calculated from these measurements. For volumetric shrinkage, the adjustment factor for the newborn monkeys was 311 and for the 24-month-old animals, 1-81. For linear shrinkage, the adjustment factor for the newborn monkeys was 1-37 and for the 24-month-old monkeys, 118.
From the cerebra of 3 newborn and 3 24-month-old animals blocks of motor cortex were excised from an area corresponding to the experimental pencillin injection site used by Caveness et al. (1973) . These blocks were processed following the same procedure used in the whole brain serial section, but were cut in a plane strictly perpendicular to the pial surface of the gyrus. The width of the cortex and of its layers and the depth of the Betz cells from the pial surface were measured by using an AO No. 416 ocular reticle, previously calibrated with a stage micrometer. Each measurement was made repeatedly on multiple sections from the same block, then the average of the measurements was adjusted for linear shrinkage. The density of cell packing in each layer was measured on the same section. Only nerve cells in which a nucleolus could be seen were counted. Depending on the width of the layer, the cell counts were made in 20 to 100 squares of previously calibrated No. 416 AO ocular reticle at a magnification of 400. The thickness of the section was estimated by focusing on the top and bottom of the section and subtracting the respective micrometer reading on the fine adjustment of the microscope. The volume of the sample area was calculated and adjusted for volumetric shrinkage. The results are given as the number of nucleoli per cubic millimetre.
In 2 newborn and 2 24-month-old animals, a craniotomy was done under local anaesthesia, and a single 19-gauge needle puncture lesion was made traversing all cortical layers of the motor cortex in an area corresponding to the site of penicillin injection in experimental animals. After seven to fourteen days the animals were killed by an overdose of barbiturate and the brains perfused in situ with 50 to 60 c.c of saline, followed by 10 per cent unbuffered formalin. The brain was removed, hardened in additional 10 per cent unbuffered formalin, and then placed in 30 per cent sucrose, 10 per cent formalin solution until it sank (Ebbesson, 1970, p. 136) . The brain was photographed, the brain-stem separated, and the forebrain bisected in the midsagittal plane. The hemisphere with the needle lesion was embedded in a mixture of albumin and gelatin (Ebbesson, 1970, pp. 157-158, Method 10) and cut in the coronal plane in serial frozen section at a thickness of 35 micra. Every twentieth section was stained by a modified Nauta-Gygax stain. The stain used for this project was developed in Dr. Nauta's laboratory under his supervision: (1) Soak the sections in a 2-5 per cent uranyl nitrate solution for one hour. (2) Wash sections in several changes of distilled water for at least fifteen minutes. (3) Transfer sections to a 0025 per cent potassium permanganate solution for fifteen minutes for newborn monkeys, and twenty to twenty-five minutes for 24-month-old monkeys. (4) Decolorize for one to two minutes in a solution of equal volumes of one per cent hydroquinone and one per cent oxalic acid. (5) Wash in three changes of distilled water, and then soak sections for one hour in a 3 per cent silver nitrate solution. From here transfer individual sections through the following steps: (a) Rinse three times in distilled water; (b) agitate for two minutes in the following solution: 100 c.c of 2-5 per cent solution of silver nitrate, to which a base mixture consisting of nine parts 2-5 per cent sodium hydroxide and six parts of concentrated ammonium hydroxide have been slowly added, until the solution became clear. Then add 2 additional cubic centimetres of concentrated ammonium hydroxide; (c) blot, reduce, fix, and mount as in original Nauta-Gygax stain (1954) . The adjacent section was stained with Nissl stain. The axonal degenerations were traced with the aid of camera lucida drawings at a magnification of 250. The extent of the degenerated axons within the cortical plate was then plotted on the photographs of the gross specimen.
For the rapid Golgi impregnation, biopsy blocks were obtained from the face-hand area of the motor cortex from 3 newborn and from 5 24-month-old monkeys. The technique used was recommended by Drs. Madge and Arnold Scheibel. The blocks were fixed for six to seven days in chrome-osmium solution and transferred for twenty-four hours to a 0-75 per cent silver nitrate solution for impregnation of neurons. The blocks were dehydrated in graded alcohols, embedded in low viscosity nitrous cellulose (LVN) (after Morest and Morest, r 1966) , and cut perpendicular to the pial surface of the crown of the gyri, at a thickness of 100 to 150 micra.
For study of the different types of neurons and of their distribution in different layers of the motor cortex, drawings of the impregnated cells were made at a magnification of 400 at successive intervals from the pial surface to the alba of the gyrus.
Two hundred and forty neurons were studied metrically and the data adjusted for linear shrinkage. The distribution of these neurons according to cell type and cortical layers at birth and at 24 months of age is given in Table III . The measurement of the lengths of dendritic processes, radii of dendritic territory and counts of spines were made at a magnification of 400, with an AO No. 416 ocular reticle which was calibrated with a stage micrometer. The distances of perikarya from pial surface and the lengths of dendritic branches visible throughout their extent in the planes of sections were measured directly. The length of dendrites out of plane of section was estimated according to Bok (1959) as shown in fig. 1A . The linear distance from the tip of the oblique dendrite to the shaft of the apical dendrite was taken to represent the radius of the "dendritic territory" of the pyramidal neurons. The average values of the lengths of the oblique and basilar dendrites that were measured directly and those computed by triangulation are presented in Table IV . The average values of the radii of dendritic territories of the pyramidal cells are presented in Table V .
The densities of spines were counted along the middle third of the shaft of apical dendrites, along the terminal ramifications of these dendrites, and proximal, middle, and distal thirds of the oblique and basal dendrites ( fig. 1B) and expressed as the average number of spines per linear micron plus or minus one standard deviation. These measurements are presented in Tables VI and VTI respectively.
RESULTS
(1) Cyto-and myeloarchitectonic maturation of the forebrain from birth to 24 months of age.-Between birth and 24 months of age the cell layers II and DI combined showed a 7 per cent increase in their width. Layer II showed the greatest increase (41 per cent). The cell layers, V and VI, decreased 16 per cent and 20 per cent respectively (Table I ). The average depth of the Betz cells remained approximately the same (fig. 3, cf. A and B) . The Betz cells occur in groups of three to four cells at periodic intervals (von Economo and Koskinas, 1925) . In the newborn monkeys, this interval was 350 microns +30 microns (15 measurements) and in the 24-monthold animals 380 microns ±50 microns (22 measurements). Cell packing density decreased in all cortical layers (Table II and fig. 3A and B Plate LIV). Layer I showed the greatest decrease, 74 per cent, followed by layers II, V and VI, all of which showed a 33 per cent decrease. Layer HI showed the least decrease, 19 per cent. In myelin-stained whole brain sagittal sections of the newborn monkey at the level of the face-hand area of the motor cortex ( fig. 2A ) only a myelinated band of "U" fibres was present under the motor and somaesthetic cortex, while massive bundles of well-myelinated capsular fibres traversed the still unmyelinated alba of the hemisphere between the thalamus and the motor cortex. Under low-power objective ( fig. 3c ) most of these well-myelinated fibres could be seen entering the cortical layers VI and V and were not discernible above these layers. 
FIG. 4.-Camera lucida drawing of anterograde axonal degeneration in the motor cortex of
Macaca mulatto as seen in Nauta-Gygax preparations fourteen days after a needle track lesion made at birth (A) and at 24 months of age (B) {see text).
At 24 months of age, most of the cortico-cortical and callosal fibres of the alba of the hemisphere were well myelinated ( fig. 2B ). The alba of the hemisphere was now darkly stained and the subcortical "U" fibres blended without sharp demarcation with the tangential intracortical fibre plexus of layers V and VI. Within the cortex ( fig. 3D ), the vertically orientated myelinated fibres were now numerous, particularly in the crest of the gyrus. These fibres extended predominantly to layers Ilia with a few myelinated fibres reaching to layer I where they formed a tangential fibre plexus. A meshwork of tangentially and obliquely orientated myelinated fibres was also present and extended to layer ITIa.
(2) Anterograde axonal degeneration in the motor cortex of the newborn and of the 24-month-old monkeys following intracortical needle track lesion.-In Nauta-Gygax preparations from the 2 newborn animals, the axonal degeneration about the needle track was similar in distribution pattern. A camera lucida drawing of a representative section at the level of the track in the animal with a foui teen-day postoperative survival is shown in fig. 4A . Most of the degenerating axons were orientated vertically towards subcortical alba. Only an occasional tangential intracortical degenerating fibre was seen, mainly in layer V. Their maximum intracortical spread from the track ( fig. 5A , small open circle) was in a radius of approximately 600 microns. In sharp contrast, the intracortical axonal degeneration in the 24-month-old monkey ( fig. 5B , cross-hatched area) spread 17,000 microns from the track. As is shown in fig. 4B , the densest tangential band of degenerating fibres at this age was seen in the deeper part of layer m and the upper part of layer V where the fibres were predominantly horizontally orientated. Deep and superficial to this dense band, the degenerating axons were less numerous and were predominantly obliquely orientated. The fibres immediately beneath and alongside the needle track occurred in small groups orientated in the vertical axis of the track. A dense projection of degenerating fibres was traced predominantly to layer IV of the somaesthetic cortex, and in smaller numbers to the adjacent cortex of the frontal and parietal lobes.
(3) The types of neurons encountered in the motor cortex in rapid Golgi preparations. The neurons were classified by the general configuration of their dendritic arbours, the length, number, and orientation of their dendritic processes, density of spines, and size of their perikarya, into the following five types (figs. 6 and 7) :
( Table Hi ). The neurons were plotted at magnification 400 with reference to the distance of their perikarya from pial surface, to the location of neurons in different cytoarchitectonic cortical layers of Brodmann, and to different strata of cortical neuropil. A to D and F, G, I and J-variants of ordinary pyramids in layers II to VI. E-Large pyramid of layer V (cell of Betz); H-large pyramid of layer VI; K-fusiform cell of layer VI. (2) Large pyramidal cells ( fig. 6 , neurons E and H) distinguishable from the ordinary pyramidal cells by the difference in the lengths of basilar dendntes, some of which are approximately equal to that of the oblique branches and others two to three times longer, and by a larger cell body.
Flo. 7.-Camera lucida drawings of the two neurons of "stellate cell" type most consistently impregnated in the rapid Golgi preparations of the motor cortex (face-hand area): A, Stellate cell with randomly arborizing long dendrites; B, "Double bouquet" cell of Cajal. 7A ). The dendrites of these neurons are long, sparsely branched, and few in number. The spines on this type are similar to those found on the ordinary pyramids except that they are infrequent and do not have a narrow stalk.
(5) Double bouquet stellate cells of Cajal ( fig. 7B ), characterized by an elliptical cell body, predominantly vertically orientated dendrites of irregular calibre that are free of spinous processes, and by a greater vertical than horizontal spread of the dendritic tree. The axons of the stellate cells of this type were generally confined to the area of dendritic arbour of the cells, while the axons of the stellate cells with randomly orientated dendrites extended beyond the areas of their dendrites and were usually ascending.
For convenience of description of different types of pyramidal neurons in the various layers of the motor cortex, the camera lucida drawings of rapid Golgi preparations of the representative neurons are shown in fig. 6 . On the basis of differences in size and shape of the dendritic arbours of the pyramids at different depths of the motor cortex of the newborn monkey, the cortical plate may be divided roughly into 3 strata: (1) a superficial stratum corresponding approximately to Brodmann's layers II, lITa and 111b which contains the variants of small ordinary pyramids; (2) an intermediate stratum corresponding approximately to layers ITIc and V which contains wider variants of larger ordinary pyramids and large pyramids with their long basal dendrites horizontally orientated; and (3) a deep stratum corresponding to the polymorphic layer VI which contains ordinary pyramids, large pyramids with long basilar dendrites orientated vertically towards the alba, and fusiform cells.
In the cytoarchitectonic preparations ( fig. 3A and B) the pyramids increase in size with the depth of location in the cortical plate to about the layer V and then decrease. This has been pointed out by von Economo and Koskinas (1925) in man and by von Bonin and Bailey (1947) in Macaco mulatto. In Golgi preparations this general rule is, however, not as apparent as in the increase in the size of the dendritic arbours of the ordinary pyramids and particularly, in the polymorphism of their configurations with increase in depth. The relatively homoeomorphic dendritic arbours of cells in the superficial stratum become increasingly polymorphic on the neurons in deeper strata. As can be seen in fig. 6 , the size of dendritic arbour of the pyramids increases generally with the increase in depth of location of these neurons in layers n, Ula, UJb and HJc, respectively. They show well-developed, abundant basilar and oblique dendrites and terminal ramifications of the apical dendrites, all of which grow longer in cells whose perikarya are located deeper. Thus, the pyramid D differs from the pyramids A to C only by the less abundant oblique dendrites. All these pyramids have oblique and basilar dendrites of approximately the same length, but the pyramids E through J, located at deeper levels corresponding approximately to layers V and VI, are more variegated in size and shape of their dendritic arbours. These pyramids can be divided into two types-the ordinary pyramids and the large pyramids. The ordinary pyramids have this in common that their oblique and basilar dendrites are of approximately equal length. They differ from the large pyramids in that their apical dendrites do not always reach to layer I of the cortex (cf. neurons J and H) and their oblique dendrites spread mainly within the layer of their perikarya.
Contrariwise, the large pyramids have long apical dendrites reaching to the plexiform layer I and abundantly ramifying in that layer, and their basilar dendrites are of unequal length -short and long. The short basilar dendrites of large pyramids are of approximately the same length as their oblique dendrites, while the long basilar dendrites are two to three times longer. The large pyramids in layer V are similar to those described by Cajal (1899) in human infant as the giant pyramidal cells of layer V and illustrated in his figs. 24 and 29. They are assumed to be the cells of Betz of the fifth layer of the motor cortex.
The fusiform cells are found only in the deep stratum of the cortex and have ascending apical and a long basal dendrite descending as a "tap-root" towards the alba, and shorter basilar and oblique dendrites.
The randomly arborizing stellate cells do not show a preferential location of their perikarya in any particular stratum. They were encountered in all layers of the motor cortex of the newborn monkeys, but were only rarely encountered in the 24-month-old animals. The "double bouquet" stellate cells of Cajal were encountered mainly in the intermediate and deep strata of the motor cortex of the newborn monkey and were rare in the superficial stratum, but the impregnated cells of this type abounded in the superficial stratum of the motor cortex in the 24-month-old animals.
METRIC STUDIES OF THE DENDRITIC APPARATUS OF NEURONS
The stellate cells represent highly specialized intracortical internuncial cells (Cajal, 1909 (Cajal, -1911 Poliakov, 1961 Poliakov, , 1967 . The large pyramids and fusiform cells are more or less specialized cells found in the infragranular layers V and VI. The ordinary pyramids represent the basic and ubiquitous type of cortical neurons found in all layers throughout the isocortical plate (von Economo and Koskinas, 1925) . Ordinary pyramids.-To obtain a measure of the quantitative changes which have occurred in the neurons from birth to 24 months of age, the mean values of measurements of the dendritic apparatus of the ordinary pyramids were plotted in the form of graphs (figs. 8 and 9). In these graphs the widths of the shaded areas represent the gam (or loss) that has occurred in different strata and cell layers of the motor cortex in each parameter of measurement of the dendritic apparatus from birth to 24 months of age.
From the comparison of the measurements of the oblique and basal dendrites of the ordinary pyramids ( fig. 8 ) it can be seen that the average gains in length of both dendritic processes from birth to 24 months of age was not uniform in all strata. It was greater in the deep stratum (47 per cent increase in the length of oblique and 55 per cent in the basilar dendrites) than in the superficial stratum (25 per cent increase in length of oblique and 32 per cent in the basilar dendrites fig. 8 . The shaded area represents the gain in density of spines that has occurred from birth to 24 months of age. of layers n, Ilia and Hlb combined). In sharp contrast, the gain in the length of both types of dendrites in the intermediate stratum, layers Die and V, was significantly less pronounced. The oblique dendrites of this stratum have grown in average length by only 12-5 per cent, and the basilar dendrites by 8 per cent.
The evidence for the lag of growth in the length of the dendrites of the ordinary pyramids in the intermediate stratum becomes enhanced when the radii of their dendritic territories at birth and at 24 months of age are compared (fig. 8c) . The dendritic territory of the ordinary pyramids in the deep stratum has increased by 47 per cent and that of the superficial stratum by 23 per cent, while the dendritic territory of the ordinary pyramids in the intermediate stratum shrank by 3 per cent.
The graphs of the postsynaptic spine counts on the dendritic processes of the ordinary pyramids in different strata at birth and at 24 months of age showed a pattern of change almost diametrically opposed to that shown in the graphs of the lengths of the dendritic processes (cf. shapes of the shaded areas in the graphs of figs. 8 and 9).
On the main shaft of the apical dendrite, the greatest gain in density of spines occurred in the pyramids of the superficial stratum (393 per cent), with a considerably lesser gain in the deep stratum (81 per cent) and intermediate stratum (104 per cent) ( fig. 9A ). The greatest increase occurred on the main shafts of the apical dendrites of the pyramids in layers II (525 per cent) and nia (439 per cent), the gains rapidly falling off in layers nib (214 per cent increase) and, particularly, in the layer V (43 per cent increase). The densities of spines on the terminal ramifications of the apical dendrites ( fig. 9B ), on the oblique ( fig. 9c ) and on the basilar dendrites ( fig. 9D) {see also fig. 1B ) were much lower than on the shafts of apical dendrites in both the newborn and the 24-month-old monkeys and, correspondingly, showed much smaller gain in spine counts from birth to 24 months of age. Yet, the increases in synaptic spines in all these secondary branches of dendritic arbour were significantly greater in the ordinary pyramids of the superficial stratum than in those of the deep and intermediate strata. This shift with age in the density of dendritic spines towards the superficial cell layers was consistent not only with regard to the three strata, but also with regard to the individual layers of the superficial stratum. The gain in density of spines on terminal branches of the apical dendrites (B) was most pronounced in the pyramids encountered in layer II (150 per cent) and Illb (93 per cent), and somewhat less pronounced in layer Ula (88 per cent). This stands in contrast to significantly greater gain in spines on the oblique (c) and basilar dendrites (D) of layer Ilia (158 per cent and 181 per cent respectively) and a massive increase in spine density of both types of dendrites (231 per cent and 367 per cent) in the pyramids of the most superficial layer n.
Large pyramids.-The average lengths of the oblique dendrites of the large pyramids in both the intermediate and the deep strata of the motor cortex, were not significantly different at birth and at 24 months of age (Tables IV and V) . In both variants the oblique dendrites showed a 2 per cent and 3 per cent gain in length with age respectively, but the basilar dendrites (both the long and the short) of the large pyramids of the intermediate stratum became respectively 19 per cent and 17 per cent shorter in the 24-month-old animals, while both of these varieties of basilar dendrites of the large pyramids of layers VI gained significantly in their average lengths (38 per cent and 30 per cent respectively) as compared with their lengths in newborn animals (Table IV) .
The radii of the dendritic territories of large pyramids in both the intermediate and deep strata gained at 24 months of age only 8 per cent and 7 per cent respectively. In this slight gain in the size of their dendritic territories, the large pyramids of layer VI contrasted sharply with the 47 per cent gain in the length of dendritic territories of the ordinary pyramids of this deep stratum of the motor cortex (Table V) . The densities of dendritic spines of both variants of large pyramids showed a significant increase in all parts of their dendritic arbours (Tables IV and V) . The greatest increase in the density of spines occurred on the main shafts of the apical (84 per cent) and long basilar dendrites (92 per cent) of the large pyramids of the deep stratum. The main shaft of the apical dendrites and their terminal ramifications and the long basilar dendrites of Betz pyramids gained in density of spines respectively 57 per cent, 44 per cent, and 50 per cent. The gain in spines of the oblique and short basilar dendrites of large pyramids of both strata, and on the terminal ramifications of apical dendrites of the large pyramids of the deep stratum was still less pronounced, varying from 31 per cent to 39 per cent gain.
Fusiform cells.-The increase in average length from birth to 24 months of age of the oblique dendrites of these cells of the deep stratum were comparable to that found on the oblique dendritic processes of large pyramids of this stratum.
They gained only 3 per cent in length (Table IV) , while the radii of their dendritic territories (Table V) shrank by 28 per cent. The densities of spines on the terminal ramifications of their long vertically ascending and descending dendrites (Table VI) The randomly branching stellate cells and the "double bouquet" cells of Cajal.-The randomly branching stellate cells showed a 25 per cent decrease in the average length of their dendrites at 24 months as compared with the newborn monkey, and the "double bouquet" cells of Cajal a one per cent decrease in average length of thendendritic processes between birth and 24 months of age (Table IV) . 
DISCUSSION
The results of the histoanatomical studies support the experimental observations of Caveness et ah (1973) , that in the Macaca mulatto at birth the connexions of the face-hand area of the motor cortex are predominantly with the subcortical structures, whereas at 24 months of age the intracortical connexions develop between the motor cortex and the other cortical areas, and provide paths for transcortical spread of seizure discharge. The development of these paths is evident from comparison of the cyto-and myelo-architectonic preparations of the motor cortex at birth and at 24 months of age, from the Nauta-Gygax anterograde degeneration study, and from the metric study of the dendritic apparatus. The latter afforded the closest insight into the structural maturation and organization of the cortical neuropil and showed the neurons of the intermediate stratum to be the most developed at birth and to undergo the least degree of maturation at 24 months of age. In contrast, the neurons of the deep and, particularly, the superficial stratum were less mature at birth, but at 24 months of age showed a great advance in maturation.
The early morphological maturation of the neurons of the intermediate stratum at birth correlates on one hand with the early myelination of the subcortically directed efferent axons and, on the other hand, with the predominantly subcortical spread of the seizure activity at birth. This indicated that the neurons of this stratum are the major source of the cortico-jw^cortical efferents. According to Lorente de N6 (1949) and Poliakov (1961 Poliakov ( , 1967 , these projections arise from the large pyramids of layer V.
The correspondence of the protracted postnatal maturation of the neurons of the deep and superficial strata with the postnatal development of direct cortico-cortical circuits suggests that the pyramidal cells of these strata are the cells of origin of the projections. This is in accord with Lorente de N6 (1949) and Poliakov (1961 Poliakov ( , 1967 . The delayed maturation of the neurons of these strata, as compared with the intermediate stratum, is apparently related to their afferent connexions. The neurons of these strata mature in relation to local axonal collaterals from the middle stratum and recurrent collaterals of pyramidal cells within the deep and superficial strata itself (Cajal, 1899; Lorente de N6, 1949) . They receive scant axonal projection from thalamus or other cortical areas (Cajal, 1899; Jones and Powell, 1970; Karol and Pandya, 1971; and Pandya and Vignolo, 1971) .
The principle of a "rectangular grid" in the disposition of the vertical columns of neurons, each column representing a discrete functional unit, at right angles to the horizontal strata of neurons and plexus of dendrites and axonal collaterals, has been pointed out by Yakovlev (1952) as the definitive principle of organization of the "stratilaminate" pattern of neuronal assembly. Recently Asanuma and Rose"n (1972) , with microelectrode stimulation technique, have shown that in the hand area of the motor cortex of a capuchin monkey these columns are sharply defined and measure approximately 1,000 microns in width.
One of the remarkable findings of the present study was the constancy of the intervals between the groups of large Betz pyramids of layer V. Each group of these special cells formed within the territory of their powerful dendritic arbours a vertical column of the ordinary pyramids about the axis of the bundle of their apical dendrites, with the base of the column in the intermediate stratum and the apex reaching to layer I. The anatomical evidence of regularity of intervals between groups of Betz pyramids is in harmony with the above physiological evidence and suggests that Betz pyramids in each column are the "nodal" neurons of the efferent projection. These cell groups occurred at 380-micron intervals. Depending on the shape of the transverse sections of the column (i.e. round, hexagonal, square, parallelogram, etc.), each column would accommodate seven to nine Betz cell groups with their cohorts of the ordinary pyramids and intercalar cells. If it were a hexagon, it could accommodate seven cell groups with little overlap between the adjacent columns ( fig. 10 ). Only the most distal parts of the long basal branches of Betz pyramids would overlap the territories of the adjacent cell columns to any extent.
MICRONS
Fio. 10.-Diagram of disposition of groups of the Betz cells at regular intervals in the plane of layer V. The circles represent the dendritic territory of the group of Betz cells with bundle of apical dendrites in the centre represented by a large dot. Only the distal segments of the long basal dendrites (not represented in the diagram) would overlap with dendritic territories of adjacent groups of these pyramids. A grouping of several of such dendritic territories would form a vertical column of a diameter comparable to the diameter of the physiological column described in the motor cortex of the monkey by Asanuma and Rosin (1972) .
SUMMARY
The system of connexions and the internal organization of the motor cortex at birth and at 24 months of age in the Macaca mulatto were delineated by studies of myelinization, anterograde degeneration, cytoarchitecture and quantitative measurements of dendritic arbours.
At birth the neurons at layers IQc and V are advanced in maturation as compared with the neurons of other cell layers and they provide the substrate for reciprocal connexions with subcortical formations. In postnatal development they show little evidence of further maturation and contrast sharply with neurons of layer VI, and particularly layers II, Ilia and Illb, which show a marked increase in growth and maturation. These latter neurons provide the substrate for the postnatally elaborated cortico-cortical connexions of the motor cortex and together with the dendritic arbours of periodically occurring Betz cells form a columnar pattern of neuronal organization.
It is concluded that these differences in organization and connexions of the motor cortex at birth and at 24 months of age provide an anatomical framework for the shift of relative dominance from subcortical to direct cortico-cortical connexions in the propagation of focal seizure activity.
LEGENDS FOR PLATES PLATE Lin
Fio. 2.-Sagittal section at the same level of the cerebral hemisphere of the Macaca mulatto at birth (A) and at 24 months (B). Loyez method of staining myeline sheaths. Abbreviations and symbols: Cl-internal capsule; CR-alba of the hemisphere (corona radiata): M-precentral gyms (small patch in the motor cortex in A shows the site of the experimental penicillin injection approximately one hour before sacrifice); Th-thalamus; arrow in A and asterisk in B the short association fibres between the pre-and postcentral gyri (U-fibres).
PLATE LTV
Fio. 3.-The motor cortex of the Macaca mulatto as seen in cytoarchitectonic preparations (cresyl violet stain) at birth (A) and at 24 months of age (B), and camera lucida drawing of myeloarchitectonic preparations (Spielmeyer's stain of frozen section) at birth (c) and at 24 months
